Abstract. Aerosol scattering properties, near the surface (at about 10 m height), were measured during a period of seven years (2002)(2003)(2004)(2005)(2006)(2007)(2008) atÉvora, Portugal. The average (and median) scattering and backscattering coefficients, at the wavelength of 550 nm, were found to be 42.5 Mm −1 (29.9 Mm −1 ) and 5.9 Mm −1 (4.4 Mm −1 ), respectively. Also, the average and median scatteringÅngström exponent (1.4 and 1.5) indicate that scattering was, in general, dominated by submicrometer particles. Both seasonal and daily cycles are shown, which were related to local production and transport of particles from elsewhere. Summer and winter average values of the scattering coefficient, at the wavelength of 550 nm (47 and 54 Mm −1 , respectively), correspond to a significant increase in the aerosol particle concentration when compared with spring and fall (35 and 37 Mm −1 , respectively). Also, the average increase in theÅngström exponent for summer and winter seasons is consistent with the input of sub-micrometer particles from anthropogenic origin in winter and forest fires in summer.
Introduction
The assessment of aerosols direct effect on climate (due to their interaction with solar and terrestrial radiation, via scattering and absorption processes) requires quantitative information on the optical properties of atmospheric aerosols. The multiplicity of aerosol sources, transformation processes and sinks is responsible for the large variability in their properties both in space and time; this means that in a certain time the global aerosol concentration field is complex and at a certain place aerosol properties may also be highly variable in time. Under these circumstances, long-term measurements of aerosol properties at different locations are essential for better characterising both for the aerosol field and climatology, providing aerosol data to be included into global climate models in order to decrease the uncertainties of climate forcing estimations.
Previous studies on aerosol properties at the surface (and in the column), based on measurements carried out on this region have shown that the aerosol load could be considered, in general, as moderate to low. Moreover, the influence of long range transported aerosols from forest fires in summer and of desert dust from the Sahara region (mainly at high altitudes) or the influence of anthropogenic pollution from Europe and the Iberian Peninsula itself could also be clearly detected. However, these studies where based on measurements carried out during short periods; during ACE-2 (JuneJuly 1997) and CAPEX and DARPO (May-June 2006) campaigns (Carrico et al., 2000; Müller et al., 2002; Silva et al., 2002 Silva et al., , 2003 Ansmann et al., 2002; Wagner et al., 2009 ); summer periods (Elias et al., 2006) ; one year period . For the first time a long term dataset of surface in situ measurements of the aerosol scattering properties is Published by Copernicus Publications on behalf of the European Geosciences Union. used to generate aerosol climatology for a continental rural region of southwestern Europe. The multi-spectral measurements of scattering and backscattering coefficients provided by a nephelometer are useful for quantifying the aerosol load and also for a distinction of aerosol events, namely those dominated by accumulation mode particles or coarse mode particles.
Measurements and methodology

Site descriptioń
Evora (38.5 • N, 7.9 • W, 300 m a.s.l., ∼60 000 inhabitants) is a small Portuguese city located in the southwestern part of the Iberian Peninsula. The distance both to the Atlantic coast and to the main populated and industrial area of greater Lisbon is more than 100 km. There are no polluting industries in the region, therefore, the local anthropogenic sources are mainly related to traffic as well as wood burning during the colder winter period; occasionally it may suffer the influence of the long range transported anthropogenic aerosols from major populated and industrial regions in the Iberian Peninsula or Central Europe, or natural aerosols from the Saharan desert.
Equipment and dataset
A three wavelength integrating nephelometer (TSI-3563, TSI Inc., St Paul, Minnesota, USA) measured the aerosol scattering coefficients, σ sp (λ), and backscattering coefficients, σ bsp (λ), at the wavelengths λ = 450, 550 and 700 nm. These data were recorded with a temporal resolution of 5 min. The aerosol was sampled through a PM 10 sampling head located at about 10 m above the ground, selecting particles with aerodynamic diameter smaller than 10 µm. The flow rate was fixed at 30 lmin −1 . The scattered light in the angular range of 7-170 • was measured and the aerosol scattering coefficient was derived after the correction for the calculated molecular scattering and for the angular truncation and the non-Lambertian errors (Anderson and Ogren, 1998) ; the light scattered from 90-170 • (backscattered signal) was also measured and the aerosol backscattering coefficient was derived. The instrument was calibrated about once a year using CO 2 as high span gas and filtered dry air as low span gas; zero signal was measured once an hour. The record of calibration constants is provided in Table 1 . TheÅngström exponent, α, represents the wavelength dependence of σ sp (λ) and can be related to a mean size of the particles. It was calculated using the 450 and 700 nm channels as follows:
Daily back-trajectories ending atÉvora monitoring site, at 500 m a.s.l (∼200 m a.g.l), were calculated using the Hybrid Single-Particle Lagrangian Integrated Trajectory Model (HYSPLIT) (Draxler and Rolph, 2003) to interpret data in terms of the aerosol origins; the altitude was selected to represent the air sampled by the Nephelometer. Temperature, relative humidity and wind speed and direction were also measured at the site. Hourly averaged data (about 47 000 measurements -about 80% of the overall measurements from April 2002 to December 2008) were used and longer term statistics were based on these hourly values.
Relative humidity correction
Relative humidity (RH) is one of the factors influencing the amount of scattered solar radiation by aerosol particles (Horvath, 1996) . If RH increases, then hydrophilic atmospheric particles tend to grow, due to water uptake, and scatter more light. The light scattering humidification factor, f(RH), quantifies the influence of RH on σ sp (λ). It is the ratio between σ sp (λ) at high and low RH values. The low RH is usually considered to be lower than 40% (Kotchenruther et al., 1999; Koloutsou-Vakakis et al., 2001; Magi and Hobbs, 2003; Targino et al., 2005) . In order to assess the temporal variation of the scattering coefficients, the influence of RH on σ sp (λ) variations has to be eliminated. Figure 1 shows the relative frequency distributions of measured ambient RH values at the monitoring site and measured RH values inside the nephelometer's optical chamber. The difference between the two measured RH values is clear: the lower and less variable RH values measured inside the nephelometer are due to the heating by the lamp in the measuring sensing chamber, whereas the ambient RH values comprises of a large range of values. The RH values of the sampled aerosol are constrained mainly in the range of 30-50%, with an average of 40% and standard deviation (SD) of 10%. Therefore, the measurements of σ sp (λ) were essentially performed with the aerosol under dry conditions and the RH corrections are expected to have minor influence in the overall results that follow in the next sections. This hypothesis was confirmed as the difference between the corrected and noncorrected values was found to be insignificant because only a few data were taken under non-dry conditions. In spite of that, corrected values were still used.
Due to the lack of measured f (RH) for the sampling site, functions from the literature, corresponding to different aerosol types, were used. The prevailing aerosol population at the site is of a continental type. Anthropogenic aerosols from local or long distant sources, as well as smoke aerosols from forest fires and desert dust from Africa, were also present. The f (RH) functions were chosen according to these aerosol types; we then distinguished between measurements made under clean/background continental conditions (the most common situation) and under perturbed conditions. The separation between different aerosol types was done by using threshold values based on absolute values of the spectral scattering coefficients and of theÅngström exponent; a previous classification scheme by Elias et al. (2006) was based only in a summer period of measurements and half day averages were considered (instead of hourly), therefore, an improved classification criteria was used. The threshold values are provided in Table 2 . The correction functions for clean/background conditions were based on Magi and Hobbs (2003) . The correction functions for pollution data were based on Carrico et al. (2000) whose results regard "a continental site influenced by aerosol with anthropogenic origin". They are very similar to the ones obtained by Koloutsou-Vakakis et al. (2001) for polluted aerosol and Magi and Hobbs (2003) for biomass burning plumes. Desert dust aerosols were considered as being hydrophobic (Carrico et al., 2003; Fierz-Schmidhauser et al., 2009 ), therefore, no correction for RH was applied when it dominated the aerosol population.
Results and discussion
General features
Here, we present some basic statistics concerning the whole period (2002) (2003) (2004) (2005) (2006) (2007) (2008) in order to characterise the aerosol optical properties in the region under study. Figure 2 shows the relative frequency distributions for σ sp (550), α and σ bsp (550) hourly values. The frequency distributions are characterised by long right tails for σ sp (λ) and σ bsp (λ) while α is left skewed. It has been shown previously (Deacon et al.,1997; Artiñano et al., 2001; Gerasopoulos et al., 2003; Freitas, 2006; Pereira et al., 2008) that the frequency distribution of scattering coefficients (or other aerosol extensive properties) can be well described by a log-normal distribution. Therefore, median values better illustrate the average conditions than the mean by decreasing the contribution of the most extreme events; this is also true for describing the average conditions of theÅngstrom exponent, α, whose frequency distribution is also skewed. The median, mean, geometric mean, standard deviation, 5% percentile, P5, and 95% percentile, P95, are presented in Table 3 . Log-normal parameters (modal value and geometrical standard deviation, GSD) derived for σ sp (λ) and σ bsp (λ) distributions are also shown.
Hourly values of σ sp (λ) were found to be highly variable, ranging from values close to the detection limit up to a few extreme measurements above 2000 Mm −1 (about 250 Mm −1 in the case of σ bsp (λ)) recorded during the forest fire plumes in August 2005 (not shown in Fig. 2 for better resolution). 98% of the σ sp (λ) values were in the range of 8-250 Mm −1 , but most of this percentage is below 60 Mm −1 (∼80%). The median and mean values of σ sp (550) are 30 and 42 Mm −1 , respectively, for the whole period. In the case of σ sp (550) its median and mean values are 4.4 and 5.9 Mm −1 , respectively. The median and mean values of theÅngström exponent (1.5 and 1.4, respectively) imply that the scattering is, in general, dominated by submicron particles. About 60-70% 
of the light is scattered by sub-micrometer particles for an α of 1.5 (see Carrico et al., 1998 Carrico et al., , 2000 Sheridan et al., 2001; Quinn et al., 2002; Doherty et al., 2005) .
These results are now briefly compared with other longterm measurements performed at other sites in the southern European region (see Table 4 ). These areas were observed to be influenced by local or transported continental pollution (besides desert dust) and present significantly higher average values of the scattering coefficient when compared with the ones obtained forÉvora and presented in this work.
As already stated above, on the one handÉvora is a small city with low to moderate aerosol anthropogenic influence; on the other hand, being located in the southwestern European sector, is under the regular influence of Atlantic clean air masses, which contribute to lower aerosol concentrations levels, as previously observed (see e.g., Pereira et al., 2008; Lyamani et al., 2010) .
Temporal variations
Annual cycle
Median and mean monthly values of σ sp (550), α and σ bsp (550) for the period of 2002-2008 are shown in the time series of Fig. 3 . Figure 4 contains the yearly cycle as a function of both the month and season considering all the measurements for each month or season (as defined in Table 5). In both figures, error bars reflecting the drift of the calibration constants are included. The drift is less than 10% per year. This drift has a higher influence on shorter-term observations, e.g., when comparing monthly values of the same year as could be done in Fig. 3 , but has a negligible impact on a seven year average (due to regular recalibrations) as included in Fig. 4 . Tables 5a, b and c, respectively, for σ sp (550), α and σ bsp (550). Hourly values were always used in the calculations of all statistical parameters. Regarding Fig. 3 values of α vary between 1.0 and 2.0. Moreover, the corresponding monthly median values for the 16 months, referred above, are the highest, ranging between 1.5 and 2.0 (3 exceptions). In contrast, the set of months with the lower monthly median values of σ sp (550), say below 25 Mm −1 , are within spring, autumn (and summer) periods, with the corresponding monthly median values of α having a tendency to be lower, ranging between 1.0 and 1.5. The facts, described above, are in agreement with the pattern exhibited by the yearly cycles shown in Fig. 4 . σ sp (550) displays a bimodal pattern with peaks in winter and summer ( Fig. 4a and b) and with the former peak being more prominent. The winter maximum is achieved in January for both the median and mean value (50 Mm −1 and 64 Mm −1 , respectively); in summer the median is higher in June (34 Mm −1 ) while the mean has its maximum in August (56 Mm −1 ). This is caused, to a large extent, by occasional increases in the aerosol load due to the forest fires. TheÅngström exponent, exhibited in Fig. 4c and d, follows a rather similar behaviour and a reasonable positive correlation between monthly median σ sp (550) and α was found (R 2 = 0.52), as shown in Fig. 5 . However, no correlation was found for the hourly values because for small timescales the variability of these two quantities of different nature dominates, even if at larger timescales an overall tendency is revealed. The maximum value of the monthly median α is also found in January (1.8) and a second one in both July and August (1.5). This means that the increase in the aerosol load is mainly associated with the enhancement of particles in the sub-micrometer range, either with anthropogenic origin or forest fires' smoke occurring in the summer season. The increase of σ sp (550) in the winter period should result from the combination of local traffic and increased emissions from heating sources (mainly wood burning) and pollution transported to the site. All these reasons are amplified by a decrease in boundary layer thickness due to the lower atmospheric temperatures at the surface during winter, thus, reducing atmospheric convection and consequently pollution dilution. In summer, the forest fires are greatly responsible for the large input of particles detected at the site (Elias et al., 2006; Pereira et al., 2008) and account for major increase in the aerosol scattering coefficients. The most intense smoke plumes were observed in August 2003 and particularly in August 2005 when hourly values of σ sp (550) as high as 2000 Mm −1 were measured. These two summer periods were the ones with the largest burnt areas ever recorded in Portugal (Autoridade Florestal Nacional, 2009). These facts are reflected in the mean σ sp (550) peak value observed in August which appears in Fig. 4a Also, the difference in theÅngström exponent between the winter and summer months is substantial, with monthly medians being in the range of 1.5-1.8 and 1.4-1.5, respectively; this is expected to be related to the dryness of the soils and well-developed convection in the boundary layer during the summer season which enhances the presence of coarse soil material in the atmosphere. In contrast, during winter (typical rainy season) the relative amount of coarse material is expected to be much lower, while the introduction of submicrometer particles from wood combustion in the atmosphere in winter is more regular than the transient transport of smoke toÉvora. Lyamani et al. (2008 Lyamani et al. ( , 2010 and Saha et al. (2008) also reported annual cycles characterised by higher values of scattering coefficient in winter but with magnitudes significantly higher than ours (average σ sp (550) = 84-90 Mm −1 and α = 1.8 and average σ sp (550) >90 Mm −1 , respectively). In spite of the large difference in terms of aerosol concentration betweenÉvora and Granada (and Toulon), in winter, the difference between the values of α are less important due likely to similarities in the origin of aerosol particles.
Statistical information is summarized in
No trend is evident for the measured quantities between 2002 and 2008. In 2008, the noticeable decrease in the time series of annual values of both σ sp (550) and σ bsp (550) can be explained by the lack of data during 2008 winter period and the absence of forest fires during the following 2008 summer.
Daily cycle
Daily patterns of σ sp (550) and α values are analysed in this section (see Fig. 6 ). Median values instead of average values are used in order to minimize external influences and extreme events, so local aerosol features can emerge. We focus on winter and spring periods because they showed rather distinct statistical properties, as it was exposed in the previous section, and may be somewhat representative of colder and less colder (warmer) periods. The summer period was not considered since it was already revealed to be frequently contaminated by (at least) forest fires smoke plumes transported from other regions. Also a distinction is made between the daily variations during week days (Monday to Friday, normal working days), and Sunday (non-work day when anthropogenic activities are significantly reduced).
A daily pattern was found for σ sp (550), with morning and late afternoon peaks, regarding the week days. This behaviour is characteristic of urban areas (Lyamani et al., 2008; Andreae et al., 2008) . The P25 and P75 curves, also displayed in Fig. 6 , show the same features and indicate consistency of this pattern regardless of the day-to-day variability. The morning peak (Fig. 6a and c) is closely related to the enhanced traffic activity during morning rush hour and, therefore, is much less evident on Sundays (Fig. 6b and d) , in particular, during winter when typically the city is less active, during the morning time. The boundary layer development along the day, together with the increase in convection, provides the conditions for particle dilution within a larger volume of air. This results in the decrease of σ sp (550) at the surface during the afternoon and a minimum around 15:00 is observed. In the late afternoon the combination of increased anthropogenic activity, due to traffic, and decrease of the boundary layer thickness lead again to the increase in σ sp (550).
The general features described above also show significant seasonal differences. Important differences between colder and warmer periods are related with boundary layer dynamics and additional anthropogenic activity associated with wood burning for heating purposes, besides the usual particle production by traffic activity during the year. These differences are visible in the patterns observed in Fig. 6a and c. In spring, both morning and late afternoon peaks of σ sp (550) values have similar magnitudes (about 32 Mm −1 ), however, in winter the morning peak is not only considerably higher (39 Mm −1 ) than in spring, but also a large difference for the late afternoon peak is now visible. The magnitude of this second peak (64 Mm −1 ) represents a twofold increase relative to spring conditions and emphasizes the importance of wood burning, which typically begins in the late afternoon and is likely the main reason for the difference (by a factor of 1.6) to the morning peak in winter.
In spite of higher σ sp (550) values in winter, at all times, two periods of the day with minimum values (early morning, 05:00-06:00 and middle afternoon, around 15:00) present the lowest differences in σ sp (550) between winter and spring (<3 Mm −1 ). Moreover, the absolute minimum is always achieved in the middle afternoon. On the one hand, in both of these periods the source activities are reduced while the particle removal processes are always active; on the other hand, the dilution of particles is enhanced in the developed boundary layer which occurs in the afternoon, after the solar heating of the surface. Both these features contribute to the decrease in the particle load, independently of the season and probably explain the similarity of σ sp (550) values in these hours of the day.
Regarding the daily variation of theÅngström exponent, two main differences were found: firstly, the magnitude of α (1.1-1.4) in spring is always lower than in winter (1.5-1.9); secondly, in winter the correlation between σ sp (550) and α appears to be consistent; this validates the connection between the aerosol load and its anthropogenic origin. In contrast, during spring the values of α reveal no particular trend (as suggested by the lack of correlation between σ sp (550) and α).
Influence of air mass history on the aerosol properties
Airborne particles that are detected at a certain site may have been produced locally or transported from elsewhere. In this section, the measured aerosol optical properties are associated to back trajectories paths in order to infer, in a simple way, on the influence of the emission sources in the aerosol load and type overÉvora, at the surface. Five day back trajectories arriving at the monitoring site, at 500 m a.s.l.
(200 m a.g.l.), were computed at 12:00 UTC for each day. The height of 500 m was chosen to represent the air masses sampled by the nephelometer. The hourly averages (between 12:00 and 13:00) of measured quantities were used. By doing so, temporal agreement between the trajectories arrival and the measured aerosol optical properties is guaranteed, the local aerosol influence is reduced and, hence, the possible influence of long-range transport is enhanced. In spite of their complexity and variability, the trajectories were classified into five different types. Trajectories originating over the Atlantic Ocean were separated into two different types according to the time they travelled over the continent. Therefore, two levels of continental influence were distinguished. About half of the trajectories from the Atlantic were observed to arrive atÉvora after a significant path over the Iberian Peninsula; a period of more than one day over land was considered for classifying these back trajectories as MIB (maritime and Iberian Peninsula) as opposed to the maritime trajectories, M. The trajectories were classified as maritime if they remained less than 24 h over the continent (usually by arriving atÉvora through the western Portuguese coast). The purpose of the separation between M and MIB trajectories was to study the influence of the air masses ageing over the Iberian Peninsula in the measured aerosol properties at the site. The average resident times over the Iberian Peninsula were 10 and 46 h for M and MIB trajectories, respectively. The back trajectories classification also included the influence of Europe (EU), for air masses from the European continent (from Britain, Central Europe to the northern coasts of the Mediterranean Sea), Africa (AF), for air masses originated in the African continent and the Iberian Peninsula (IB) itself, for air masses originated and staying mainly within the Spanish and Portuguese territories. Figure 7 shows the features mentioned above, including the frequency of occurrence that a trajectory passes over a certain geographic area, as well as the average path for each set of trajectories. The sector with the largest influence over the measurements site is the Atlantic area (M and MIB types), with accumulated 70% of occurrence. The European sector contributes with 21% while both the African and Iberian sectors contribute with 9% of occurrence. Figure 8 shows the relative frequency distributions of σ sp (550), α and σ bsp (550) values according to the different trajectories classification while the correspondent average and median values are shown in Table 6 .
The difference in the respective aerosol properties seems to validate the separation between M and MIB trajectories as statistically significant differences (at the 0.05 level) were found according to hypothesis tests. The values of σ sp (550) are systematically low (and narrow distributed, essentially below 40 Mm −1 ) for M trajectories, but as soon Fig. 7 . Probability density for back trajectories atÉvora (a-e) and average path (f) for each trajectory category. The frequency of occurrence for each trajectory category is also shown. (550) which characterise the IB regime. Concerning the African trajectories, they are also characterised by high values of σ sp (550). The frequency distribution of α includes again an important contribution of values below 1.0, which is consistent with the influence of coarse dust particles, however, high α values, well above 1.0, still dominate (median = 1.4) and no correlation is observed between the values of σ sp (550) and α; the highest values of σ sp (550) correspond to values of α ranging from 0 up to 2. This means that when trajectories have African origin desert dust particles usually do not dominate the aerosol at the ground or are not even present; in that case the higher aerosol loads are presumably caused by anthropogenic particles. This is in agreement with the long-range transport of mineral dust occurring frequently at high altitudes, as previously noticed by other authors (Elias et al., 2006; Derimian et al., 2006) .
Summary and conclusions
Aerosol scattering properties, near the surface, were measured over a period of seven years (2002) (2003) (2004) (2005) (2006) (2007) (2008) atÉvora, Portugal.
The average (and median) σ sp (550), σ bsp (550) and α were found to be 42.5 Mm −1 (29.9 Mm −1 ), 5.9 Mm −1 (4.4 Mm −1 ) and 1.4 (1.5), respectively. These values mean that, in general, the aerosol load can be considered as moderate with the aerosol population being dominated by submicrometer particles, in particular, during winter when the average α was maximum (1.6).
Both seasonal and daily cycles were shown, which were related to local features (city traffic and domestic heating, the latter during winter) as well as the transport of particles from elsewhere. The average values of the scattering coefficient, at the wavelength of 550 nm, for summer and winter (47 and 54 Mm −1 ), represent a significant increase in the aerosol particle concentration, when compared with spring and fall (35 and 37 Mm −1 ); the simultaneous increase in α is consistent with the input of fine particles from anthropogenic origin in winter and forest fires in summer. The daily variation of the scattering coefficient, with morning and afternoon peaks (more prominent during working days), is related to the local anthropogenic activities, besides the boundary layer dynamics.
The measured optical properties were shown to be dependent on the influence of different air masses. When the site was under the influence of air masses from Atlantic region low particle loads (low scattering coefficients) were observed, but as the influence of the continent (Iberia Peninsula) increased, the aerosol particle load was also observed to increase, as well as theÅngström exponent, approaching the features observed during European air masses influence. During African air masses influence, high values of the scattering coefficients were also observed, but with smaller Angström exponent due to the contribution of dust particles, however, in general, the scattering was still dominated by fine particles indicating that either dust at the surface was not so frequent or that it was mixed with anthropogenic pollution.
